The expression of Marek's disease virus (MDV) transcripts and protein products was investigated in reticuloendotheliosis virus-transformed avian T-lymphoblastoid cell line RECC-CU91, which was superinfected with MDV. The presence of MDV in the superinfected cell line, renamed was demonstrated by Southern hybridization with 32P-labeled BamHI-H and -B fragments of the BamHI MDV DNA library. Examination of RECC-CU210 for the expression of MDV-specific RNA transcripts encoded by the internal repeat long (IRL), internal repeat short (IRS), and unique short (Us) regions of the MDV genome revealed two small transcripts of 0.6 and 0.7 kb. These transcripts were mapped to the IRL and IRS regions, respectively. In contrast, RECC-CU211, which was developed through transfection of CU210 with the BamHI-A fragment of MDV, expressed an additional nine transcripts from the IRL, IRs, and Us regions.
suggesting that the MDV infection was latent in this cell line. However, when CU210 was subsequently transfected with pNL1, a selection plasmid containing the genes for ,-galactosidase and neomycin resistance, both under control of the simian virus 40 early promoter (28) , and the BamHI-A fragment of MDV DNA, the new cell line, renamed RECC-CU211 (CU211), expressed a complex of MDV-specific phosphoproteins (15, 29) at high levels. In contrast, transfection of CU210 with pNL1 alone resulted in a cell line, CU212, that did not express the phosphoproteins. The gene for one of these phosphoproteins, pp38, has recently been identified, sequenced, and localized to the BamHI-H fragment, to the left of the putative MDV origin of replication (9, 12) . The promoter-enhancer region of pp38 overlaps that of a rightward BamHI-H 1.8-kb transcript that has been implicated in tumorigenicity (4) . This region contains Oct-1, Spl, and CCAAT motifs in an arrangement similar to, although considerably less complex and multifarious than, the promoter-enhancer region for the ICP4 and ICP22 genes of HSV (32) . The regulation of the pp38 and BamHI-H 1.8-kb genes and the functions of their protein products have yet to be established.
In this study, the REV-transformed cell lines were characterized for MDV-specific transcripts encoded by the internal repeat long (IRL), internal repeat short (IRS), and Us regions of the MDV genome. We focused on these regions because previous studies reported finding viral transcripts only from these regions in MD tumor-derived cell lines (26, 30) . In addition, expression of the MDV-specific phosphoproteins was examined.-
MATERIALS AND METHODS
Cell lines. CU91 (29) , CU210, CU211, and CU212 were developed previously (21) and maintained in LM-Hahn medium at 41°C (6) . CU211 was selected from a number of biologically cloned cell lines that were all expressing pp38, as determined by an indirect immunofluorescent-antibody (IIFA) assay. CU211 was used for these studies because a higher percentage of cells were positive for pp38. 2 ). b DNA used in transfections: pNL1 DNA and BamHI-linearized BamHI-A fragment DNA from the MDV DNA library (14) .
c MDV-specific phosphorylated polypeptide expression in cell lines was subjectively determined by IIFA assay with H19.47, an MAb specific for pp38 (12) . Cell lines were untreated (-BUdR) or treated with BUdR (20 pLg/ml) (+BUdR) for 48 h prior to examination for the presence of MDV-specific polypeptides.
Polyclonal chicken anti-MDV antibodies. Specific-pathogen-free chickens were infected with serotype 1 MDV, and sera were obtained at the time of tumor development.
MAb and IIFA assays. The monoclonal antibodies (MAb) M21 and H19.47, both of which detect a complex of three MDV-specific phosphoproteins of 41, 39 or 38, and 24 kDa (pp38/41) (15, 29) , were kindly provided by S. Kato (Osaka University, Osaka, Japan) and L. F. Lee (Avian Diseases and Oncology Laboratory, USDA, ARS, East Lansing, Mich.), respectively. IIFA assays were used to detect the MDV-specific phosphoproteins (27) (Fig. 1) (14) were used as probes. In addition, the HindIII-3.1 fragment (Fig. 1) , which is located within the BamHI-A fragment and within the MDV ICP4 gene (1), was also used as a probe. For each hybridization, the probe was added at a concentration of approximately 106 cpm/ml of hybridization buffer. After hybridization, the membranes were washed twice with 5x SSC-0.5% SDS at room temperature for 15 min, twice with lx SSC-0.5% SDS at 37°C for 15 min, and finally once 0.1x SSC-0.1% SDS at 65°C for 60 min. The filters were autoradiographed at -70°C with Kodak X-Omat AR film and intensifying screens. Films were exposed for 5 to 14 days. The efficiency of RNA transfer to the filters was evaluated by staining the filters in a solution of 0.5 M sodium acetate (pH 5.2) and 0.04% methylene blue (18) .
RESULTS
Establishment and characterization of cell lines. The three cell lines (CU210, CU211, and CU212) developed from the REV-transformed cell line CU91 were evaluated for MDV DNA by Southern blotting and for MDV-specific phosphoproteins by IIFA assays and RIP assays. CU210, CU211, and CU212 but not CU91 were positive for MDV DNA, as determined by Southern hybridization. The probe prepared from the BamHI-B fragment detected an 18.3-kb fragment (Fig. 2A) . The BamHI-H probe detected the 11.4-kb band, corresponding to the BamHI-D fragment located in the terminal repeat flanking the UL and in the UL region and the 5.5-kb fragment corresponding to the BamHI-H fragment (Fig. 2B) .
In IIFA assays, CU211 was positive for pp38/41 with MAb (Fig. 3) . The postcloning). CU91, CU210, and CU212 were negative for pp38/41 expression even after incubation for 48 h in medium containing BUdR. The RIP assays gave similar results. CU211 expressed three MDV-specific polypeptides of 41, 39, and 24 kDa. pp38/41 was detected with both MAb M21 (data not shown) and MAb H19.47 (Fig. 4A) . Only the 38-kDa MDV-specific phosphoprotein was precipitated from CU211 by polyclonal anti-MDV chicken serum (Fig. 4B ). In addition, the polyclonal anti-MDV serum did not immunoprecipitate other MDV-specific proteins in CU211. The cell lines CU210 and CU212 did not express detectable levels of MDV-specific polypeptides with either the MAb or the polyclonal anti-MDV chicken serum.
RNA transcripts in cell lines. The cell lines were examined for transcripts encoded by the BamHI-A, -I2, -H, and -L and HindIII-3.1 fragment regions of the MDV genome with probes prepared from the BamHI library and HindIII-3.1 ( Table 2) . MDV-specific transcripts were not detected in RNA extracted from CU91 (data not shown).
( BamHI-H or -I2 regions ( Fig. 5B and C, lanes 1 and 2,  respectively) . No detectable MDV-specific transcripts from these cell lines were identified with the BamHI-A probe (Fig.  5A, lanes 1 and 2) ; however, the HindIII-3.1 probe hybridized weakly with a 0.7-kb transcript from both CU210 and CU212 (Fig. SE, lanes 1 and 2, respectively) . In addition, CU210 and CU212 produced a moderately abundant 0.6-kb transcript that hybridized to the BamHI-L probe (Fig. 5D,  lanes 1 and 2, respectively) .
(ii) CU211 cell line. Several additional MDV-specific transcripts were detected in RNA extracts from CU211. These were detected by hybridization with probes specific for the BamHI-A, BamHI-H, BamHI-12, and BamHI-L fragment regions. Transcripts from the BamHI-A and BamHI-12 regions were, in general, present in low quantities, resulting in weak signals. The estimated sizes of the MDV transcripts detected were 7.8, 5.9, 3.8, and 1.6 kb with the BamHI-A probe (Fig. 5A, lane 3) , 3.2, 1.7, and 0.5 kb with the BamHI-H probe (Fig. 5B, lane 3) , and 1.8 and 1.3 kb with the BamHI-12 probe (Fig. SC, lane 3) . The pattern of transcription from the BamHI-L fragment region was similar to that in CU210 and CU212, with a single transcript of 0.6 kb (Fig.  SD, lane 3) . The HindIII-3.1 probe detected the 0.7-kb transcript in CU211 that was also observed in CU210 and CU212; in addition, it weakly detected a 3.8-kb transcript (Fig. SE, lane 3) . (14) are given from the IRL to the US regions. The HindIII-3.1 fragment from the BamHI-A fragment is included. (14) . The HindIII-3.1 fragment from the BamHI-A fragment was also used as a probe (E). The 28S (4.0 kb) and 18S (1.7 kb) rRNAs were used as size markers (arrowheads). RNA extracted from CU91 was hybridized with the same probes, but specific bands were not detected (data not shown). (16) . In comparison, the viral DNA in productively infected cells is not methylated. Since the BamHI-A fragment was propagated in Escherichia coli, the transfected DNA would not be methylated, which may allow the genes within this fragment to be actively transcribed. (ii) The genomic location of the transfected MDV fragment may have enhanced the expression of MDV genes. In general, transfected DNA is thought to be randomly integrated into the cellular DNA of the transfected cell. However, since CU211 was biologically cloned as an MDV gene-expressing line, integration of the BamHI-A fragment into a chromosomal site that would induce the expression of MDV genes would have been preferentially selected. (iii) Other conceivable factors, such as recombination between the transfected MDV fragment and the latent MDV genome, cannot be ruled out. Further investigations are necessary to clearly understand our findings.
